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Although human andmouse embryonic stem cells sharemany characteristics, their behaviors are not
identical. Two recent papers describe the derivation of stem cell lines from mouse epiblast that may
provide an explanation for the unique character of human embryonic stem cells.The capacity of embryonic stem cells
to self-renew indefinitely while main-
taining their potential to differentiate
into any cell in the embryo has been
a valuable tool for mouse geneticists
for decades (Bradley et al., 1984).
The subsequent derivation of these
cells in primates (Thomson et al.,
1998) has revolutionized the way we
think about both transplantation med-
icine and drug discovery. However,
despite the time that has passed
since embryonic stem cells were first
derived, many questions concerning
the nature of these cells persist.
What counterpart, if any, do these
cells have within the embryo in vivo?
What is the explanation for the differ-
ences in behavior between mouse
embryonic stem cells and their human
counterparts? Why has it been so dif-
ficult to derive embryonic stem cell
lines from other species of animals,
despite the clear benefits that the
application of such cells would bring?
Two recent papers published in the
journal Nature, one from the McKay
lab (Tesar et al., 2007) and the other
by Vallier and colleagues (Brons
et al., 2007), shed light on these inter-
esting questions. In both reports, the
authors describe the derivation of
self-renewing, pluripotent populations
of cells from the epiblast of postim-
plantation mouse embryos, a later de-
velopmental stage than the blasto-
cysts used previously. These cells are
similar to other mouse embryonic
stem cell lines in that they can form
embryoid bodies in culture and
teratomas in nude mice, and within
these masses, differentiated cells from
each of the three embryonic germ
layers are generated.However, these ‘‘epiblast stem
cells,’’ as the authors dubbed them,
seem to be distinct from mouse em-
bryonic stem cells derived from blas-
tocyst stage embryos in several
ways. Of particular note, many of the
altered traits observed in epiblast
stem cells are consistent with the sa-
lient characteristics of human embry-
onic stem cells. These new pluripotent
mouse cell lines appear to have gene
expression patterns distinct from blas-
tocyst-derived embryonic stem cells;
require Activin, rather than LIF signal-
ing for self-renewal; and grow in tight
epithelial structures reminiscent of
human embryonic stem cells.
Because of their derivation from
postimplantation epiblast, and as Acti-
vin/Nodal signaling is important for
maintenance of both the mouse epi-
blast in vivo (Camus et al., 2006) and
human embryonic stem cells in vitro
(James et al., 2005), it is tempting to
speculate, as the authors do, that the
derivation of these new mouse stem
cell lines indicates that human embry-
onic stem cells might represent a short
circuiting of human epiblast develop-
ment and the capture of an in vitro
counterpart to these cells. Consistent
with this notion, when the authors
transplanted these cells into preim-
plantation blastocysts they possessed
very limited or no ability to contribute
to the resulting embryo.
Thus far, most mammalian species
have been refractory to the derivation
of embryonic stem cell lines of the
type cultured frommouse blastocysts.
In their study, Brons and colleagues
also demonstrate that these epiblast
stem cells can be derived from rat em-
bryos, a model organism from whichCell Stem Cethere have been numerous but unsuc-
cessful attempts to derive embryonic
stem cell lines. The generation of these
similar cell lines from mouse, human,
and rat suggests that encouraging
the self-renewal of epiblast cells may
be a more applicable Rosetta stone
for translating the derivation of pluripo-
tent stem cells into other species.
However, if these cells cannot be
forced to contribute in a meaningful
way to chimeric offspring, as the au-
thors found for their mouse epiblast
stem cells, the utility of the orthologous
cells will be greatly limited.
Although these studies are signifi-
cant, they leave several questions un-
addressed and ripe for further investi-
gation. In their studies, Tesar and
Brons were only able to isolate these
cells from postimplantation embryos
and not blastocyst stage embryos.
This would be consistent with an
epiblast origin and nature for these
cells. However, why then can primate
and human embryonic stem cells
be derived from blastocyst stage
embryos and why do primate, but not
murine, blastocyst-derived cells have
similar characteristics to their post-
implantation-derived mouse counter-
parts? Is it that cells within the inner
cell mass of human blastocysts are
beginning to adopt epiblast character-
istics and it is these cells that become
human embryonic stem cells? If so,
would prolonging the in vitro culture
of human blastocysts prior to deriva-
tion increase the efficiency of hu-
man embryonic stem cell derivation?
Furthermore, would these later cell
lines have the same characteristics
found in existing human embryonic
stem cell lines?ll 1, August 2007 ª2007 Elsevier Inc. 131
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is, if these new mouse stem cell lines
and human embryonic stem cells rep-
resent a self-renewing population of
definitive embryonic epiblast cells,
why then do both of these populations
retain the capacity to differentiate into
extraembryonic trophectoderm and
primitive endoderm? Lineage tracing
experiments in mice would suggest
that the epiblast has extremely limited
capacity, if any, to differentiate into
these cells types (Gardner and Ros-
sant, 1979; Lawson et al., 1991), while
the cultured epiblast stem cell lines
seem to adopt these cell fates readily.
Could it be that without the constraints
of their in vivo environment this wider
developmental potential for epiblast
cells is revealed? Does prolongedStem Cells Rem
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The stem cell state is understoo
a highly refined state. In this iss
and the extent to which that grad
Adult stem cells are known by what
they do. We can see them through
their power to create multilineage off-
spring that reconstitute a tissue. This
trait allowed Till and McCullough to
provide the experimental proof that
stem cells do indeed exist (Till and
McCullough, 1961), but it remains
a vexingly difficult way to study the
cells in detail. If we are forced to use
a retrospective analysis to define
stem cells, we are never able to know
them as they are, but only as what
they have become. In hematology,
this has led to a highly productive ef-
fort to prospectively define subsets of
bone marrow cells by immunopheno-
type that could be then tested for
function. Iterative analysis had led to
defined subsets enriched for reconsti-
132 Cell Stem Cell 1, August 2007 ª200in vitro culture somehow lead to an ex-
pansion of developmental potential, or
is there some other explanation for the
remarkable potential of both these
epiblast-derived mouse cells and
human embryonic stem cells?
Regardless of the answers to these
questions, the work of Brons and Te-
sar and their colleagues has provided
exciting new information concerning
the nature and origins of both mouse
and human embryonic stem cells, sug-
gesting a potential explanation for their
distinct biology.
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features of the cells by the means we
use to isolate them? Or, most intrigu-
ingly, might these cells be a fundamen-
tally unstable cell type with varying,
graded functions: a core tradeoff for
having the capabilities they do. The
Eaves lab has tried to address this
with studies that distill subpopulations
down to their single-cell constituents
and then looking back on what they
have wrought (Dykstra et al., 2007). It
was a Herculean undertaking, evaluat-
ing over 350 single-cell transplanta-
tions in mice for over 4 months each.
So just how uniform are stem cells?
First, the caveat: the cells were iso-
lated based on a method that is some-
what unconventional. Lineage marker
negative, CD45 mid, rhodamine
low, and Hoechst 33342 excluding
